The characteristics of active center and sintering mechanism of a supported metal catalyst were investigated using the palladium silica-alumina prepared by the cation exchange method which has an ideal mechanical structure. Data on catalytic activity were obtained from benzene hydrogenation reaction. The palladium surface area and crystal lattice imperfection were determined by electron microscope and X-ray diffraction. The following results were obtained.
One of the most important research subjects in catalytic engineering which is the correlation among the method of preparation, structures and catalytic properties of solid catalysts, had scarcely been reported. Recently, Morikawa and Nozaki1) reported the correlation about supported nickel catalysts. The authors et al. 2) investigated the catalytic decomposition of ethylene into carbon and methane on various nickel catalysts. By observing the structure of the de- The lattice strain, n, was calculated from line broadening of the X-ray diffraction as determined from the formula (1) of the lower active catalysts were all stable. The electron microscopic examination and X-ray diffraction detected many crystals of palladium (PdM) in the catalysts which were supported more than 0.03 (meq/gSA) and as well as in the catalyst of 0.03 (meq/gSA) after reaction; but it could not detect PdM in either of the catalyst which was supported by less than 0.03 (meq/gSA) or in the fresh catalyst of 0.03 (meq/gSA).
One of the electron microscope photographs of the catalysts which were supported by 1.24 (meq/gSA) is shown in Fig. 2 . From this photograph, the fine spherical palladium particles (shown as black spots) are uniformly distiributed on the grey clouds of silica-alumina xerogel supgen. Palladium content 1.24 meq/gSA (The diameter of the palladium particles is porter.
These observations are summarized in Table  1 .
Sintering of the Catalysts
The degradation of the catalytic activity with thermal sintering was analytically studied through determination of the specific surface area of palladium particles by an electron microscope observation. The palladium crystal imperfection was studied using X-ray diffraction.
It was found that the values of the frequency factor A in the reaction rate equation varied with the thermal treatment of the catalysts, but that the activation energy gave a constant value of 7.5 (kcal/mol) ( temperature of the catalysts in Fig. 3 .
As the temperature of calcination in air was raised, A and Spd decreased correspondingly, but 7 remained unchanged. The ratio of A to Spd was found constant throughout at 3.10 (mol.g-Pd/hr.atm.g-cat.m2).
These results indicate that calcination in air causes the decrease of palladium surface area, but no variation of the lattice imperfection of palladium crystal. Therefore, the deactivation of catalyst during calcination in air can be explained to be caused by the quantitative sintering resulting in the decrease of the number of active sites (active surface). Fig. 3; i. e., heating in hydrogen brings the diminution of the crystal imperfection, but no growth of palladium particle in size. This indicates that the degradation of activity during reduction step is caused by the qualitative sintering resulting in the decrease of lattice strain of the metal crystal (strong active center decreases). (
1) Mechanism of Quantitative Sintering
The growth in size of palladium particles was brought about through transpiration phenomena shown in Fig. 5 . This mass transfer process is considered to consist of three elementary steps. The 1st step is that two dimensional vapor of atoms vaporize to the surface of supporter from the very small palladium particles. The 2nd step is that the two dimensional vapor of atoms diffuse on the surface of supporter. or to add such promoters as to convert surface property of supporter.
It will also be effective to use such a supporter that would support metal crystal grows epitaxially on it.
It is suggested that the chemical structure of the diffusing palladium may be Pd2+, as illustrated in the following equation (3) (2) Mechanism of Qualitative Sintering It is considered that much lattice imperfection forms in palladium crystal when palladium is reduced from palladium oxide. The crystal structures of palladium oxide and palladium metal are shown in Fig. 6 . It is easily considered from this figure that the face centered cubic lattice of palladium is not formed merely by removing the oxygen atoms from palladium oxide whose structure is tetragonal. The lower the annealing temperature (namely, reduction temperature) becomes, the more lattice imperfection form in the crystal of metal catalysts. The lattice imperfection thus produced is nothing but the highly active center of a catalyst. This is, however, easily eliminated by annealing the catalyst at high temperature in deoxidizing atmosphere. It was presented in 3.1 that the activity of Pd=0.03 (meq/gSA) catalyst which gave the maximum value of k0 rapidly degradated as reaction proceeded. This degradation of catalytic activity was caused by the quantitative sintering described in 3. 2.3 (1) . The life of this The promotive action of trivalent or quadrivalent cation that prevents the growth of palladium particle would be considered as follows:
It is assumed that the path of the surface diffusing palladium presented in 3.2.3 (1) is the equipotential diffusion sites, which are probably the continuation of the positive charge points of lattice defect of supporter (silica-alumina). Adding trivalent or quadrivalent cation on the surface of supporter, the potential wall of the diffusion sites raises so high that the two dimensional palladium vapor fails to diffuse. In other words, the growth of palladium particle size can be prevented by the intercepting surface diffusion step of palladium as expressed in 3.2.3 (1). 
